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Architecture Studies Objective

Minimum Science Mission (~30 stars) Full Science Mission (~150 stars)Science 
Performance

Structurally Connected 
Interferometer (SCI)

Formation Flying 
Interferometer (FFI)

Implementation 
Platform

+
––

1111

Dual Chopped Bracewell (DCB) 21 1

21 1

Chopped Degenerate 
Angel Cross (DAC)

1

1

1

1

1 1

Darwin: 
bow-tie

Architecture

31 13

OASES 1331

11
Bracewell

•Choose an Architecture to support each of the two missions

? ?
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Nulling Architecture Options
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Key Figures of Merit

• Ability to isolate planet signal
– Exo-zodi suppression
– Instrumental background suppression

• Practical Configuration

• Ability to examine an adequate number 
of stellar systems

Phase Chopping

Beam combiner complexity

Resolution and Sensitivity
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Nulling Architecture Options
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Nulling Architectures Options that 
Support Phase Chopping
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Nulling Architectures Options Considered 
in Detail

θ2

θ4

1111

Hi-Lo-Res Chopped Dual Bracewell

21 1

21 1

Chopped Degenerate 
Angel Cross (DAC)

1

1

1

1

1 1

Darwin: 
bow-tie

1111

θ

θ 2

θ 41/L

star planet

angle on the sky

θ6



October 14, 2003    pg 8TPF Expo: Interferometer Architecture

Te
rre

st
ria

l P
la

ne
t F

in
de

r M
is

si
on

A NASA
Origins
Mission

Key Figures of Merit

• Ability to isolate planet signal
– Exo-zodi suppression
– Instrumental background suppression

• Practical Configuration

• Ability to examine an adequate number 
of stellar systems

Phase Chopping

Beam combiner complexity

Resolution and Sensitivity



Beamcombiner Complexity
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Key Figures of Merit

• Ability to isolate planet signal
– Exo-zodi suppression
– Instrumental background suppression

• Practical Configuration

• Ability to examine an adequate number 
of stellar systems

Phase Chopping

Beam combiner complexity

Resolution and Sensitivity

Minimum Science Mission (~30 stars)
Full Science Mission (~150 stars)
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Performance Models
• Interferometer Performance Model (IPM):  SNR for a single star

– Rigorous mostly analytical model of a single observation
– Level 3 engineering requirements  SNR for a canonical planet

(e.g. phase and amplitude PSD) (Earth-sun at 10 pcs)
– Excel spreadsheets or MatLab, supported by documentation of analysis

• Star Selectors Analysis: number of stars in a mission lifetime
– Analytical  parametrized model of the instrument sensitivity and 

resolution (based on the IPM)
– Accounts for non-SNR limitations of the instrument
– Works on the entire star list to determine the number of measurable stars
– MathCad worksheet



Output Reqts
Tabular 
output

SNR

Perturbation Planet signal

Targets Config OpticsSpectral PSD interpolation

Variances

Error budget

Amp PSD.xls, Phase PSD.xls

Input 
assumptions

Intermediate 
analysis

Graphical error tree 
representation of 
analysisIntermediate 

analysis

Inputs from other 
workbooks



Interferometer Error Budget Top Level Worksheet

combination

n

S)

S

0.036 / s

RSS
T

50000 s 0 / s

28 / s / s

0.036 / s

0 / s / s

0.001 / s

22 / s / s

/ s

8 / s

Analysis

45 deg 15 pc
1.0 AU 1.0 Rsun

Analysis

2.4E-03 rms 1.5E-03 rms

4.27E+00 /Hz/m2/s/sr 50000 s 0.047 arcsec

1.4 (λ / D)2 9.71 um

9.71 um

# rotations

7

Look-up

Interpolated Interpolated

Rotation time

Systematic noise

Chop freq. Terms

Stellar leak

Null floor

Planet offset

Configuration

WavelengthPSD(A+) PSD(φ+)

Rotation time

Wavelength
SCI (hi-res)

PSD(A+) PSD(φ+) Planet PSD

EZ size / shape Star diameter Noise correlations Configuration

Channel SNR

Look-up

Solid angle

SCI (hi-res)

Cross-terms

Co-phase

Chop asymm

EZ leak

Thermal

Stray

Poln angle

LZ

LZ brightness

Calculate!

Interpolate!

# rotations 1
rotation time 50000 s

distance 15 pc 5.21
Weighted c

Chan # 21
1.51

SNR sqrt(n)

Chan # 21
0.57 / rotn

P / RSS(R,

P R

0.030 / s 0.039 / s

Cross-correlate sqrt[(A+B)/T]
A B

/ s 14 / s 62.0 / s

Analysis sum

3 / read
3 / s

2.01E-04 / s

5 / s

4 / s

9.71 um
/ s

0.047 arcsec

30 deg lat
2.28E-02 / s 2.58E+05 / s 2.28E-02 / s 2.79E+01 / s

4.51E-14 /Hz /m2 /s 5.09E-07 /Hz /m2 /s 4.51E-14 /Hz /m2 /s 5.51E-11 /Hz /m2 /s

Product Product

8.04 m2 0.05 1.26E+12 Hz

Total SNR

Channel SNR

Channel SNR

Channel SNR

equivalent

Spectral

Optics PSD Interpolation

Variances

Planet signal rms Random noise

Photon rate

Configuration

Targets

LZ flux

LZ per coll.

Collecting area Throughput Channel BW

Planet offset

SCI (hi-res)

Config

SNR

Planet signal Perturbation

Poln angle

Detector noisePlanet Template

Planet per coll. Star per coll. EZ per coll.

Wavelength

Read noise

Dark current

Thermal

Planet vs time

Stray

Planet flux Stellar flux EZ flux

Calculate 
all chans!

Calculate 
single chan!

Rotate!

Color-code for 
other worksheets

Numbers are 
for a specified 
Spectral 
channel

SNR for 
observation

Includes Visual 
Basic code

Calculation 
direction
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Performance Models
• Interferometer Performance Model (IPM):  SNR for a single star

– Rigorous mostly analytical model of a single observation
– Level 3 engineering requirements  SNR for a canonical planet

(e.g. phase and amplitude PSD) (Earth-sun at 10 pcs)
– Excel spreadsheets or MatLab, supported by documentation of analysis

• Star Selectors Analysis: number of stars in a mission lifetime
– Analytical  parametrized model of the instrument sensitivity and 

resolution (based on the IPM)
– Accounts for non-SNR limitations of the instrument
– Works on the entire star list to determine the number of measurable stars
– MathCad worksheet
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Star Selectors Analysis
Remaining 

Stars
Selected 

Stars
Value

50% of 3 years

3.2 m apertures,
50% of 2 years

36 m uneven DCB
+/- 45º
<10 asec

TBD
FGK
Ebbets list

30 parsecs

Binarity (planet formation)
250250Type

TPF Project Star Selectors

TPF Interferometer Star Selectors

151181Field Of Regard

54
Integration Time

Detection

63116Resolution

5Spectroscopy (ηearth=0.1)

220228No Binary Companion (planet det.)

258Abundance Filter

Stars within
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Minimum Mission Strawman
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Total Number
Eligible
Observable
Measured

Array Length (m )

0

s

7515 Lj

9 m 18 m

3.2 m

9 m
hi-lo-res Chopped Dual Bracewell, x=0.25

Array Length (m)

N
um

be
r o

f s
ta

rs

54 Stars

• 36 m Array Length 
Structure

• 3.2 m apertures
• Uneven Dual Chopped 

Bracewell

Optimized Design using Star Selectors Analysis
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Statistics of the Minimum Mission

Histograms of star sets Detection times
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FFIFFI
Full Mission Strawman
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• Four apertures, 4.0 m diameter
• Dual-Chopped Bracewell

L>70m
θ2 null

L

Stellar Leakage?

θ

θ 2

θ 41/L

star planet

angle on the sky
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What about Stellar Leakage?

0.01

0.1

1

10

100

1000
D

et
ec

tio
n 

tim
e 

(h
rs

)

1
2 3 4 5 6 7 8 9

10
2 3 4 5

Stellar distance (pc)

hi-lo-res DCB, FFI, 60 m min, 4 m apertures, 2 detectors, 10%

 Noise=Leakage and LZ
 Noise=LZ only, i.e. no leakage

~min rotation time

without leakage
with leakage

dashed lines are 
guides to the eye

star table

• Although stellar leakage is the dominant noise source for nearby
stars, it is NOT a problem for observation of nearby stars. 

• More distant stars, which we need to pick up for a full mission, are 
NOT leakage dominated

θ2 Configurations should not be ruled out



Full and Minimum Missions
Structurally 
Connected 

Interferometer
Formation Flying 

Interferometer
Science Capability

Number of Stars 54 150
Science Assumptions

Local zodi (MJy per sr, at 12 µm) 14 14
Star List: modified Ebbets modified Ebbets

Engineering Assumptions
SNR for Detection 5 5
Min Wingtip-to-Wingtip spacing (m) NA 8
Number of visits 3 3
Inclination Factor = (IHZ / IWA) 1.29 1.29
HZ (au) for 95% completeness, half-earth 
area 0.7-1.5 0.7-1.5

Engineering Parameters (Derived)
Nulling Architecture uneven DCB even DCB
Array size (m) 36 70 to 150
Number of apertures 4 4
Mirror diameter (m) 3.2 4.0
Sky coverage (+/- degrees, from anti-sun 45 45
Throughput 5% 7%
Integration Time / (2 yrs Calendar time) 50% 75%
Number of detectors 1 2
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What’s Next

• Freeze strawman architectures, but keep evaluating 
improvements and alternatives

• Upgrade Stars Selectors analysis
– Explicitly incorporate exo-zodi and thermal background

• Common ESA/NASA approach to full mission
• Technology testbeds effectiveness evaluation
• Flight design capability assessment
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Backup slides
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Design Design 
PrinciplesPrinciples Parameters used as input to Strawman Design

0.8 µm10 µmλo

82 mas for 6m aperture43 mas for 36m structureIWA

(for hi-res Bracewell)IWA Defined

+/- 85 deg+/- 45 degField Of Regard (from anti 
sun)

113Visits (for completeness)

Elapsed observing time is 1 yr out 
of 2 calendar yrs

Elapsed observing time is 1 yr out 
of 2 calendar yrs

Total time for survey

Half earthHalf earthPlanet surface area

1.5 “AU” (not yet a filter)1.5 “AU” (not yet a filter)Outer HZ

11/1.29IWA/IHZ

0.7 “AU”0.7 “AU”Inner HZ

55SNR/visit

CoronagraphInterferometerFeature

3
4 oL
λ 3

oL
λ
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